The demand for indoor navigation is increasingly urgent in many applications such as safe management of underground spaces or location services in complex indoor environment, e.g. shopping centres, airports, museums, underground parking lot and hospitals.
Indoor navigation is still a challenging research field, as currently applied indoor navigation algorithms commonly ignore important environmental and human factors and therefore do not provide precise navigation. Flexible and detailed networks representing the connectivity of spaces and considering indoor objects such as furniture are very important to a precise navigation. In this paper we concentrate on indoor navigation considering obstacles represented as polygons. We introduce a specific space subdivision based on a simplified floor plan to build the indoor navigation network. The experiments demonstrate that we are able to navigate around the obstacles using the proposed network. Considering to well-known path-finding approaches based on Medial Axis Transform (MAT) or Visibility Graph (VG), the approach in this paper provides a quick subdivision of space and routes, which are compatible with the results of VG.
 INTRODUCTION
With the increased urbanization, public buildings such as shopping centres, airports, museums and music halls have become larger and more complex. Therefore it becomes difficult for people to arrive at a specific room or place even if they are familiar with the environment .
Indoor navigation is still a challenging research field for several reasons: positioning is not very accurate, users can move freely inside, path network construction process may not be easy and straightforward due to the indoor space complex configurations  * Corresponding author (Worboys, 2011; Mortari et al., 2014; Zlatanova et al 2014) .
Therefore, indoor navigation attracts the attention of a large number of researchers.
Various topics are investigated for indoor navigation, but indoor space modelling is considered to be the key issue to provide an appropriate path for navigation. Much research has been completed on developing semantically-rich models to provide automatic derivation of a navigation network. Li and Lee (2008) build a topological semantic location model based on an exit-location matrix, which reveals semantic relationships and semantic distance of indoor environment. Topological
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B4, 2016 XXIII ISPRS Congress, 12-19 July 2016, Prague, Czech Republic characteristics such as connectivity and inclusion are defined to n-ary relationships among entities. Then the Q-analysis method is used to investigate the semantic information of the model (Li and Lee, 2008) . Zhao and Liu (2010) propose an algorithm based on position-export model and formal concept analysis theory. In this model, indoor environment is represented as concept lattice. Making use of neighbouring relationships, A* algorithm is used to find the optimal path between two entities. Liu and Zlatanova (2011) propose the 'door-to-door' approach based on Visibility Graph (De Berg et al., 2000) , which derives the connections between doors, which are used to create the network for navigation. This network adapts better to the walking behaviour of pedestrians. This approach takes into account navigation with obstacles (Liu and Zlatanova, 2015) .
Goetz and Zipf (2011) also use 'door-to-door' approach to create a navigation network for path-finding. They represent the indoor environment with a model which contains topologic, semantic and geometric information. Vertical parts such as elevators and stairs are taken into account with given weights.
Then an optimal route between two points is computed with the weights. Straight-Medial Axis Transformation (S-MAT) is proposed in (Eppstein and Erickson, 1999) , and it results to be a good representation of natural human behaviour, though, it may not represent accessibility within buildings accurately (Mortari, 2013) .
Generally, the granularity of the semantic models is kept relatively coarse. The smallest identifiable space is a room, which is approximately regarded as a node within the derived network. Detailed partition of a room is rarely considered. Zlatanova et al. (2013) propose a framework for space subdivision considering four components: agents, activities, resources and modifiers. Kruminaite and Zlatanova (2014) present a model to identify functional spaces around objects and obstacles, which can be used for localisation and navigation. Still the question remains whether to consider a detailed partition (regular or irregular) of a space considering all obstacles. Regular partition of indoor spaces has been largely employed in raster-based navigation, which is the basis for robot navigation (Afyouni et al., 2012) . Delaunay triangulation has been also commonly applied for quick subdivision of large spaces and thus increases the number of the nodes in the derived network. The network for navigation is then obtained from the centre points of the triangles. However, the obtained path on such network is quite unrealistic and requires improvements Kruminaite and Zlatanova, 2014) .
This paper proposes an indoor navigation approach that considers obstacles of different shapes, subdivides the remaining navigable space and creates a network, which provides a realistic navigation. The remainder of this paper is organised as follows: Section 2 presents indoor information processing. Section 3 discusses the establishment of the indoor network. Section 4 presents the implementation and experiments and Section 5 concludes this paper and discusses the future work.
INDOOR INFORMATION PROCESSING
The information of common 2D floor plan drawings cannot be directly used for navigation, neither the information available as a digital plan or stored in databases (Wu, 2015) . Therefore, available indoor spatial information has to be processed to create indoor network that can be used for path computation.
Indoor network is a graph representing connectivity of indoor spaces, which concisely describes the surrounding environment and contains enough semantic, geometrical and topological information. In general, indoor space contains public area, accessible and inaccessible area. These areas are usually separated by obstructing structures such as walls. Additionally there are many objects inside the rooms, such as tables and chairs, which also act as obstacles. They divide the space into specific functional areas for different purposes (Xu, 2009; Kruminaite and Zlatanova, 2014) . When constructing indoor network, we must solve the problem of representation of obstacles and create a path that avoids them (Liu and Zlatanova, 2015) .
Generally, indoor objects can be described as points, lines and polygons in 2D. We describe indoor objects with points and After the initial 2D floor plan is redrawn and all the obstacles are correctly presented, the question is how to extract the network that will be used for path computation. Therefore, it's necessary to deal effectively with the remaining free space, which needs to be subdivided. In this paper, we use Delaunay triangulation to create a mesh (Du et al., 2015; Yu, 2013) . The
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ESTABLISHMENT OF INDOOR NETWORK

Indoor Space Subdivision
The indoor network is depended on the configuration and the size of the spaces in a building. If a room is empty and relatively small, a subdivision is most commonly not needed and the shortest path is the straight line connecting starting point and target point in the room. However, large areas such as sitting room, shopping centre hall, etc. do require space subdivision. Such spaces contain many obstacles. In this case, the path must avoid obstacles and yet be the shortest (Lu et al., 2014) . 
Construction of the Network
The indoor space is refined after the subdivision and the network can be created. Each triangle is represented by a point which becomes a node in the network for navigation. In some cases, a certain feature point ( 
IMPLEMENTATION AND EXPERIMENTS
The approach mentioned above for processing the 2D floor plan and creating navigation network has been implemented and tested on several 2D floor plans. After the network is created, the shortest path is computed using Dijkstra algorithm, which is widely used Liu, 2013; Xu, 2010) and faster compared to A * algorithm (Chen and Dong, 2010; Yang, 2014; Wang, 2012) . Dijkstra algorithm is now regarded as the most classical algorithm for finding the shortest path, which can be applied to all cases as long as the weights are positive.
As shown in Figure 2 , we select two doors (D1 and D2) respectively as start point and end point for the path computation. Figure 7 shows the shortest path based on Dijkstra algorithm between two doors. The proposed approach, in contrast to 'door-to-door' approach point, and resulting network for navigation is shown in Figure   13 . The approach searches the shortest route connecting the two points, which is marked in bold yellow lines. Inside red box are some features points outside Room C, which we can ignore. And detail in blue box is magnified, which shows that network doesn't intersect with obstacles' edges. The approach is proved to be very promising for indoor navigation, according to verification results of above examples.
The approach is able to deal with all kinds of obstacles, regardless of whether they are regular or not. Additionally, this approach shows that zigzagging routes can be avoided when
Delaunay triangulation is applied for subdivision of navigable space.
CONCLUSION
In this paper, we address the subdivision of free space inside buildings. Firstly we analyse indoor spatial structure and simplify 2D floor plans to automatically obtain a navigation network. The subdivision of the space is based on Delaunay triangulation. We abstract each triangle with a feature point, which is a node in the network. We construct the network, 
